Objective To examine whether heavy physical workload in young adulthood increases the risk of local and radiating low back pain (LBP) in midlife. Methods Longitudinal nationally representative Young Finns Study data among women (n=414) and men (n=324), aged 18-24 years in 1986 (baseline), were used. Physical heaviness of work was reported at baseline and follow-up (2007), and local and radiating LBP at follow-up. Covariates were age, smoking and body mass index. Logistic regression was used to examine the associations between physical heaviness of work and LBP. Additionally, the mediating effect of back pain at baseline was examined (the Sobel test). Results After adjustment for the covariates, and as compared with sedentary/light physical workload, heavy physical workload was associated with radiating LBP among women (OR 4.09, 95% CI 1.62 to 10.31) and men (OR 2.01, 95% CI 1.06 to 3.82). Among men, early back pain mediated the association ( p value from the Sobel test=0.006). Among women, early exposure to physically heavy work showed the most consistent associations, while early and late exposures were associated with radiating and local LBP among men. Persistently heavy physical work was associated with radiating LBP among women and men. Conclusions Physically heavy work at a young age can have a long-lasting effect on the risk of LBP, radiating LBP in particular. These results highlight the need to consider early and persistent exposures to prevent the adverse consequences of physical workload for the low back.
Low back pain (LBP) is a highly prevalent and persistent condition and its determinants have been widely examined for decades. 1 2 Work-related factors are of particular interest, as acute and chronic pain among employees increase the risk of sickness absence and disability retirement. 3 Globally, LBP attributable to occupation has a notable contribution to the number of disability-adjusted life years lost each year. 4 Several physical workload factors, such as nonneutral trunk postures and various manual handling activities have been associated with LBP. 5 A recent individual participant data meta-analysis showed that the risk estimates for posture and force-related variables were small to moderate. 6 Also, heavy physical work in general has been associated with LBP. 7 Physically heavy work usually involves forceful activities and awkward postures that are loading for the low back. The importance of life course perspective in the study of LBP has been highlighted. [8] [9] [10] Although there are several studies on the associations between physical exposures and LBP, the focus has largely been on non-specific pain among midlife or older employees. A cross-sectional study showed that work-related physical factors are associated with LBP already in the first job. 11 Similarly, in a Finnish study 12 among individuals aged 16 years, physical workload was associated with incident LBP at the age of 18. However, the long-term consequences of early exposure to heavy physical work for the low back are largely unknown. Furthermore, the contribution of changes in physical workload during work careers to LBP has not been studied.
If the emergence of LBP outcomes in midlife has its roots in young adulthood, prevention needs to focus on early detection and modification of such risk factors. Therefore, we aimed to assess physical heaviness of work in early adulthood as a determinant of local and radiating LBP in midlife taking into consideration earlier back symptoms and persistency of workload over a period of more than two decades.
METHODS Data
Data from the nationally representative Young Finns Study were used. 13 The data have been
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repeatedly collected among participants who were 3, 6, 9, 12, 15 or 18 years at baseline in 1980. In this study, the study base consisted of all those who were 18-24 years at the second follow-up in 1986 (n=1265), and responded to the follow-up survey in 2007 (n=943, 75%). More men than women were lost during the follow-up (28% vs 23%). There were no differences in age, body mass index (BMI), smoking, physical heaviness of work or LBP at baseline between participants and non-participants at follow-up. Of 943 participants, 134 did not work either in 1986 or 2007 and were not eligible, leaving 809 participants in the study population. A total of 67 participants had missing information about physical heaviness of work in 1986, and 64 participants in 2007. Regarding the outcome, altogether six participants had missing data (radiating LBP in 2007 (n=3), local LBP in 2007 (n=6) and back pain in 1986 (n=2)). Altogether, 71 participants (9%) had missing data on physical heaviness of work or a LBP variable either at baseline or follow-up, or both, leaving 738 participants (414 women and 324 men) in the analysis.
Physical heaviness of work
Physical heaviness of work was enquired in 1986 (baseline for this study) and 2007 (follow-up for this study) with a single question (how heavy is your work physically) using six response alternatives: (1) light sedentary work, (2) other sedentary work, (3) physically light work, involving standing and moving, (4) medium heavy work involving moving, (5) physically heavy work and (6) physically very heavy work. The responses were classified into three groups: sedentary/physically light work, medium heavy work and heavy physical work. Those with sedentary or physically light work served as the reference group. The assessment of occupational physical activity with a single question has been widely used in epidemiological studies andwhen categorised into three levels-has shown a high agreement with a detailed assessment of time spent in occupational physical activity. 14 In addition, we examined cumulative exposure to physical workload by forming a new variable based on exposure to physically heavy work reported at baseline and follow-up: (1) those with all the time sedentary or physically light work, (2) early sedentary or physically light work; late at least medium heavy work, (3) early at least medium heavy work; late sedentary or physically light work and (4) all the time at least medium heavy work.
Moreover, we had information of the current occupation at baseline (Classification of Occupations 1980, Statistics Finland) and follow-up (Classification of Occupations 2001, Statistics Finland) and the type of work (eg, salaried employee, selfemployed, other). The distribution of the occupational characteristics of the study participants is shown in online supplementary appendix table 1.
Low back pain
Outcomes at follow-up in 2007 were radiating LBP ( pain radiating below the knee) and local LBP lasting >7 days during the preceding 12 months. 15 In addition, the frequency of any back pain at baseline in 1986 was asked. The response alternatives were never or seldom, once a month, once a week and daily back pain. Those who reported that they seldom or never had back pain served as the reference category, while other responses were combined to indicate early back pain. No differentiation was made between local and radiating pain at baseline.
Covariates
Based on earlier evidence, 15 16 we included as covariates age, ever-smoking and BMI (measured weight/height 2 ) in 1986. The associations between leisure-time physical activity and LBP are complex, and leisure-time physical activity is unlikely related to the earlier physical work exposures. Therefore, we did not adjust for leisure-time physical activity.
Ethical approval
The study has received ethical approvals from the local ethics committees.
Statistical analyses
Logistic regression analysis was used to examine the associations between physical heaviness of work and subsequent radiating and local LBP (ORs and their 95% CIs). Crude associations are reported in model 0, followed by adjustment for sex and age in model 1. Model 2 included sex, age, smoking and BMI. Model 3 included all the covariates, as well as back pain at baseline. To evaluate a mediating role of back pain at baseline in the longitudinal association between physical heaviness of work and LBP, we followed the Baron and Kenny process, 17 which uses four steps of multiple regression model to establish the mediation. First, we estimated the effect of physical heaviness of work at baseline on LBP at follow-up. Second, we estimated the effect of back pain at baseline on LBP at follow-up. Third, we estimated the effect of physical heaviness of work at baseline on back pain at baseline. Fourth, we estimated the effect of physical heaviness of work at baseline with inclusion of back pain at baseline into the model. The significance of mediating effect was examined using the Sobel test. 18 Owing to different risk factors, and difference in the prevalence of the determinant among women and men (table 1) , all analyses were stratified by sex.
In order to assess the effect of missing data of self-reported physical heaviness of work on our results, we carried out a sensitivity analysis. First, using participants with complete information, we looked at the distribution of the physical heaviness of work by sex and occupation. Second, we used this occupation and sex-specific information to indicate physical heaviness of work for the 70 participants without information of physical heaviness of work (but with information of occupation). We were then able to analyse the results for 801 participants, leaving out only 8 participants (1.0%) of our study population of 809 persons.
RESULTS
At follow-up, radiating LBP was reported by 20.1% of women and 19.4% of men, and local LBP by 36.2% of women and 34.0% of men (table 1) . However, a larger proportion of men (29.3%) than women (5.1%) had been exposed to heavy physical work at baseline. Cumulative exposure to heavy physical work was also more common among men than women, as nearly a third of men and about a tenth of women had at least medium heavy work at baseline and follow-up.
Among women, medium heavy physical work (OR 2.35; 95% CI 1.30 to 4.26) and heavy physical work (OR 3.86; 95% CI 1.55 to 9.63) at baseline were associated with radiating LBP at follow-up (model 0, table 2). The associations slightly strengthened after adjusting for age (model 1), and remained statistically significant after adjusting for smoking and BMI (model 2). Back pain at baseline did not mediate the effect of physical workload on radiating LBP ( p=0.34). Regarding local LBP, none of the associations was statistically significant.
Among men, only heavy physical work (OR 2.16; 95% CI 1.15 to 4.05) was associated with subsequent radiating LBP (model 0). After adjusting for age (model 1), the associations slightly attenuated and remained practically unaffected after further adjusting for smoking and BMI (model 2). In contrast to women, early exposure to physical workload had direct and indirect (via back pain at baseline) effect on radiating ( p value for mediation 0.006) and local LBP ( p value for mediation 0.03) at follow-up.
Next, to confirm the association between early exposure to heavy physical workload and subsequent LBP in midlife, we repeated the analyses among only those who were pain-free at baseline (table 3) . Among women, the associations for radiating LBP remained. Among men, the magnitude of the associations was similar, but the associations were not statistically significant. Correspondingly, associations were similar for local LBP among women and men.
Finally, we examined the associations of cumulative exposure to heavy physical work at baseline and follow-up with radiating and local LBP (table 4) . Among women, early at least medium heavy work was associated with radiating LBP, even if the workload had decreased to sedentary or physically light (OR 2.71; 95% CI 1.32 to 5.59)(model 0). A higher risk of radiating LBP was found also for those with repeated exposure to at least medium heavy work (OR 3.32; 95% CI 1.64 to 6.73). Both of these associations slightly strengthened after adjusting for age (model 1) and remained after considering smoking and BMI (model 2).
Among men, early (OR 4.17; 95% CI 1.71 to 10.20) and later (OR 4.51; 95% CI 1.97 to 10.35) exposure to at least medium heavy work were associated with radiating LBP. Further adjustments had a negligible effect on the association.
Cumulative exposure to heavy physical workload was associated with also local LBP among women and men. Among women, the association was statistically significant only regarding a change from an early sedentary or physically light work to later at least medium heavy work. However, among men, all those with early, late or both types of exposure to heavy physical work were at a higher risk for local LBP at follow-up. The associations remained after all adjustments.
Sensitivity analyses
As a sensitivity analysis, we carried out our main analyses including participants with missing questionnaire data on the exposure of interest. For baseline exposures, the point estimates of the low back outcomes were in general lower and the CIs narrower (see online supplementary appendix table 2). The association between physical heaviness of work at baseline and radiating LBP at follow-up was no longer statistically significant among men. For cumulative exposures the values of the point estimates did not change markedly; however, their precision increased (see online supplementary appendix table 3).
DISCUSSION
With a nationally representative sample of Finnish women and men, we found that exposure to heavy physical work at the age of 18-24 was associated with radiating LBP after a follow-up of more than two decades. The association was particularly pronounced among women. Among men, the effect was largely mediated by early back pain. Early physical workload was associated with local LBP among men only. Furthermore, among men, early and late heavy physical work increased the risk of local and radiating LBP, while among women early exposures dominated as a risk factor for radiating LBP in midlife.
Interpretation
There is a lack of comparable studies focusing on the role of physical heaviness of work during the earlier career in the aetiology of LBP. Physically heavy work was associated with LBP 2 years later in the Northern Finland Birth Cohort and with LBP after 1 year in newly employed young Belgians. 19 Furthermore, in agreement with findings from the Northern Finland Birth Cohort, we observed sex differences in the prevalence of early physical work exposures. 12 None of the previous studies distinguished between radiating and local LBP. Moreover, as we focused on general heaviness of work and not on the effects of local loads on the low back, our results cannot be directly compared with the results of previous reviews on different types of local physical exposures and LBP. 5 6 16 There is very little evidence of the cumulative effects of physical workloads on LBP outcomes in midlife. In a cross-sectional study among Finns aged 30-64 years, retrospectively enquired physical demands of work during life course were associated with sciatica only among men. 20 In women, such demands were associated with sciatica among only those who were not working, suggesting health-based selection out of the labour market.
The current results highlight the effects of persistently heavier physical workload during working life on the risk of local and radiating LBP among women and men. Moreover, among women, early exposure to at least medium heavy workload appears to be more important, while among men either early or late medium heavy or heavy physical workload can have adverse effects on the low back. These findings emphasise the public health and societal relevance of prevention and modification of early risk factors particularly among women.
In all, sex differences found by us and the earlier studies 4 confirm that women and men should be examined separately when focusing on risk factors of LBP. Some explanations for the found sex differences can be suggested. First, parental socioeconomic position could be assumed to partly account for the differences. Some men could have had physical exposures already in childhood, and could thereby have heavier physical work in young adulthood jointly contributing to their risk of LBP outcomes in midlife. Accordingly, being raised in a farm has been associated with low back disorders among men, but not among women. 15 Second, heavy physical work was more prevalent among men as compared with women, which is likely due to jobs being gender segregated. Men could also enter the work life earlier, and be more likely than women to continue in heavy physical work. A review of systematic reviews, attempting to assess causality against Hill's criteria, concluded that a causal association has not been established for any of the included exposures. 5 However, the results of our longitudinal study suggest that among women, the robust association between heavy physical workload and radiating LBP could be causal and direct, while in men the effect of early exposure to heavy physical work might be indirectly causal (mediated by earlier back pain). There is also a biologically plausible explanation for the association via mechanical loading. 21 Overall, exposure to heavy physical workload in young adulthood increases the risk of low back problems, especially radiating LBP even after decades. Since many adults are continuously exposed to physically demanding work, and musculoskeletal diseases remain a key cause of work disability, 22 health and societal significance of the association between early physical exposures and subsequent LBP are notable.
Methodological considerations
Some limitations and strengths of our study need to be acknowledged. The assessment of physical heaviness of work was based on a single question. However, such questions have been widely used in epidemiological studies and have shown high validity. 14 23 About 8% of the participants had missing data regarding self-reported physical heaviness of work. Our sensitivity analyses suggest that exclusion of them from the main analyses had negligible effects on our results. The relatively small sample size led to an overestimation of ORs and reduced precision of the estimates, indicated by the wide CIs. However, it is unlikely that our non-significant findings would turn to be significant with a larger sample size.
Our long follow-up could be seen as a limitation and strength. On the one hand, we cannot rule out that there could be changes over time in physical exposures or unmeasured confounding. On the other hand, the 21-year follow-up enabled us to examine long-term consequences of early exposure to physical workload. With regard to cumulative exposure to physical workload, it needs to be noted that health-related selection could have affected our results. Thus, those with the most severe back or other health problems at baseline might have exited the labour market over follow-up, or changed to lighter work. 24 25 If that were the case, the results could be conservative. Finally, examining those with sedentary or light exposures as a reference group could be questioned. Albeit the earlier evidence is not fully consistent, 5 sedentary work appears not to increase the risk for LBP based on reviews and a recent Finnish study. 20 26 27 Accordingly, we think that for our purpose of assessing the effects of medium heavy or heavy physical workload on LBP, those with sedentary work can serve as a comparison group.
Strengths of our prospective study comprise the use of rich, representative data with relatively little loss to follow-up, 13 the inclusion of key covariates of LBP 16 and the ability to examine separately women and men who have different jobs and thereby varying exposures which is likely to affect the risk of LBP. A further strength is that a distinction was made between local and radiating LBP.
In conclusion, early exposure to heavier physical workload may have a long-lasting effect on the risk of LBP, radiating LBP in particular. In the prevention of low back problems, timely prevention of early occupational exposures should not be neglected. Overall, this information can be used in the current efforts to extend work careers. Care should be taken when young people enter into the labour market and are placed in jobs involving heavy physical work.
